The challenges constraining the contribution of aquaculture to food security and household incomes have mostly been documented as low utilization of improved feed, lack of improved seed and unfriendly financing services. This study looked at the influence of markets including market information on adopting aquaculture technologies. Data were collected from 110 farmers in Zomba District, Malawi. Using a logit model, farmers' adoption of new technologies was mainly influenced by market information, level of education and number of ponds owned by a farmer. Therefore, linking rural farmers to urban markets can improve the adoption of fish farming technologies.
INTRODUCTION
The productivity of artisanal and commercial fishing on major lakes and river systems in Malawi has declined by more than 37% over the period of 1974 to 2004 (World Bank, 2004 due to overfishing and poor conservation practices. This decline, coupled with rapid population growth in Malawi has reduced the per capita consumption from 16 -18 kg/year in the 1980s (Allison, 2011) to about 8.12 kg/year in 2014, (GOM, 2015) . The recommended per capita consumption by FAO is 15 kg/capita/year (FAO, 2014) . With no significant gains in fish production expected from capture fisheries to sustain the current per capita fish supply, aquaculture provides a viable option. Small-scale pond aquaculture in particular can improve both productivity and cash flows with little or no external input (Sungas and Manus, 2014) . However, as technologies for aquaculture development improve, determinants of their adoption need to be investigated. In general, the adoption of agricultural innovations are determined by farm size, capacity to bear risks (Sungas and Manus, 2014) , human capital, labor availability tenure systems, access to credit and commodity markets (Maina et al., 2014) . Ndah et al. (2011 ), Farnworth et al. (2015 and Olaoye et al. (2016) found that the adoption of agricultural fish farming practices are directly linked to access to agricultural markets, gender, improvements in rural infrastructure and marketing institutions. These determinants are essential for the transformation of subsistence-oriented smallholder agriculture to commercially orientated agriculture. Particularly, improved access to agricultural input and *Corresponding author. E-mail: rchaweza@cc.ac.mw.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License output markets is important for increased productivity. Well-functioning markets transmit price signals, which allow changes in demand to be met by supply. In so doing, markets support flow of goods from areas of surplus to areas of deficit to ensure that food is efficiently distributed (Hebebrand and Wedding, 2010) .
Aquaculture production in Chingale, west of Zomba in Malawi, has been facilitated and supported by several partners including Non-Governmental Organizations (NGOs) and the Malawian Department of Fisheries. Other notable organizations assisting the development of aquaculture in Chingale are World Vision and WorldFish. As such, pond aquaculture in Chingale area has grown from about 300 farmers in the 1980s to over 1000 farmers in 2009 (Nagoli et al., 2009) . The main driver to this growth is the perennial water supply from the Zomba Mountain providing fish farming area of about 200 km 2 , with an estimated population of 30,000 . With the water flowing by gravity, pond aquaculture is well integrated with irrigation farming through diversion canals from main streams and rivers. Water from the canals is used both for filling and refilling of fish ponds and irrigating crops. Irrigation is practiced on a wider scale with the following major crops: maize, beans and vegetables for both subsistence and commercial purposes .
Despite aquaculture's growth in numbers of ponds and area, productivity has remained low. The fish pond productivity in Chingale is about one tone per hectare accounting for an annual production of about 40 tones. Additionally, the fish produced is sold locally at about 50% of the retail price in urban and peril-urban markets. The main challenges to low production are said to be low utilization of improved feed, lack of improved seed and financing to access these inputs (Jatto et al., 2013) . This study analyzed the influence of markets on the adoption of new fish farming technologies by Chingale fish farmers. The hypothesis being, farmers will adopt improved technologies when they are assured of markets and have information regarding product pricing and marketing costs.
MATERIALS AND METHODS

Study design
A market study used a value chain approach. The idea for a value chain approach was to identify various channels through which fish move from producers to consumers, with the aim of identifying stakeholders, activities, costs incurred along the chain and respective returns. Data was collected using individual questionnaires which were administered to randomly selected farmers (n=110) and fish sellers (n= 80), where 53.6% were males and 46.4 % were females. The data was collected on cost of production from primary producers, transportation cost and available markets in urban centers of Zomba and Blantyre. The respondents were sampled across the various clubs under Chingale Integrated Agriculture Aquaculture Farmers Association (CIAAFA), enabling the survey to include both old (n=70) and newly (n=40) established farmers. The rule of thumb for determining sample size proposes that sample sizes larger than 30 are appropriate for most research (Hogg et al., 2015) and this justified the sample size.
Data analysis
Using logit and linear probabilities, seven independent variables that influence farmers to adopt the farming of tilapia (Oreochromis shiranus) and factors that influence these farmers to have more fish ponds were analyzed. Where the variables are defined as: adopt = adoption of Oreochromis shiranus; sex = male, female; educn = highest level of education of a respondent; pond_reqd = ability to increase the number of ponds; age = age of the respondent; mar_stat = marital status of the respondent (married or not married); farm years = number of years the farmer has been involved in fish farming extmkt = external markets, that is, markets outside Chingale area.
From market analysis, recommendations for an optimal market channel that can increase income by reducing costs of various participants for Chingale farmers were developed. Table 1 gives descriptive statistics of fish farmers in Chingale. The table shows that fish farmers in Chingale have an average age of 47 ranging from 21 to 86 years. This is also reflected with fish farming experience where the maximum number of years is 30 and minimum is 1 year, giving an indication that fish farming has been practiced in Chingale for a long time. Chingale fish farmers that have at least attained primary education were 67%. The table also indicates that 83% of the respondents were married, with 51% being males.
RESULTS AND DISCUSSION
Fish farming and marketing in Chingale
In a study by Oyieng et al. (2013) , fish farming was dominated by male farmers (Meru, 71%: Nkubu, 79%; Mburigini, 80%). This is because most of the activities in pond making are strenuous. However, the Chingale statistics show that there is a balance between male and female participants. Apart from pond construction, fish pond management activities such as weed clearing, feeding and predation control are equally shared between Table 2 . The two species (T. rendalli and O. shiranus) are very popular in the area mostly because they have been locally known by the farmers for a long time than the other species that were recently introduced. T. rendalli was mostly favoured because it mostly feed on phytoplankton with little supplementary feed.
As observed by Oyieng et al. (2013) , T. rendalli responds well to fertilized ponds. The other perceived advantage of T. rendalli by farmers was that it is fleshy and grows faster than O. shiranus. While many farmers would want to grow O. karongae which is commonly known as chambo, the premium fish for Malawians, seed supply was the biggest challenge. It was mentioned by farmers that O. karongae has low fecundity and does not reproduce during cold months.
The primary objective of fish farming in Chingale is to produce fish for food. The study found that about 84% of the respondents allocated some of their harvest to home consumption and the same percentage of respondents also produced fish for sell (Figure 1 ). Even those that sold their fish, usually smaller fish were used for home consumption. About 64% of the respondents gave away fish for free as an enhancement to social relationships. In Chingale, about 85% of the respondents had ever sold fish after harvesting. It was found that 74% of those that sold fish had done so within the village mostly at the village markets. It was also observed that 18% of the farmers preferred selling at the pond site soon after harvesting and as low as 4% of farmers preferred urban markets.
Fish sold at the pond site and village markets often fetched lower prices than the fish that was sold at urban markets. Both pond sale and village market selling points provide less profit margins to the farmers as the customers prices haggle and take into consideration family or relations ties. However, the fact that few farmers sold at urban markets at higher prices contradicts with the conventional thinking that farmers like any other producers would respond to market demand. Ideally it was expected that more farmers would sell their fish at the urban market where prices were higher. However, a number of factors affected the choice of a market where producers would sell their fish.
The main constraining factor was limited access to the markets by the farmers because of high transport costs, lack of proper handling and storage facilities given the perishable nature of fish with respect to distance and road conditions. Transportation to various markets was mostly done on bicycles (42%), seconded by headloading (34%). Those that have ever sold fish in urban areas transported their fish with subsidies from NGOs such as C-Fish project 3 . This finding indicates that marketing is a broader concept that should include the market infrastructure itself, transportation to markets and storage facilities.
A marketing strategy of farmed from rural smallholder farmers must be looked at keenly because the fish value chain is generally short. The current production level (40 tones) does not provide enough incentives for targeting urban markets. This production level is mostly aimed at providing cheaper animal protein. As such, only communities in Chingale benefit from aquaculture production by accessing fish at low prices. It was observed from this study that food security benefits of having fish ponds within the communities spread beyond the fish farming households but the fish farmer loses on income by selling fish at low prices within the village markets or at pond sites. This result was also found by Salau et al. (2014) and Jatto et al. (2013) . However, subsistence aquaculture on one hand will neither address the poverty that impacts rural farmers nor meet the food and nutritional security needs the Malawian population. On the other hand, producing fish for markets would increase production and productivity that will increase household incomes which may result in accessibility to other protein sources apart from fish by rural poor farmers. Furthermore, the study observed that many farmers in Chingale sold fish once a year (52%), another 28% of the respondents indicated that they sold twice a year. These results indicate that most of the fish farmers kept fish in ponds for more than the recommended time of six months (Malawi Gold Standard). The study observed that 78% of the respondents sold their fish individually without involving other farmers or consulting them. However, 6 and 3% sold fish as a group or in consultation with other farmers, respectively. This is an indication that there is no coordination in marketing of fish among the farmers in Chingale.
The lack of coordination (78.2%) means that the farmers do not gain the economies of scale of selling whereby they would present a common front of prices and supply to the market for a long time there by putting up a brand of their own.
Mode of payment for fish sales
The study showed that 84% of the farmers preferred receiving payment in cash as opposed to payment by credit (19%). This is supported by the indication that about 66% of the farmers sold fish to non-regular customers who were considered to have no ties with the sellers. On the other hand, 17% of the farmers sold to regular customers (those that the farmers knew). This figure is highly correlated to figures of those that sold on the pond site (18%) and those that sold on credit (19%). This implies that farmers that sell on pond site do not only sell at low prices but also offer their fish on credit. The lack of cash payment basis on the pond or home market may not be surprising. Even as early as in the 1990s, Brummet (1995) observed that village customers, especially during hungry seasons lack cash income to purchase food and relied on traditional or barter systems to get them through the seasons. This category of village population comprises the major part of the fish customers.
Adoption of technologies
Using a logit model (marginal effect analysis), level of education, information on the external markets, number of ponds required, and marital status significantly affected adoption of new technologies (Table 3) . Surprisingly, education was estimated to decrease probability of adoption by 13% points. This can be explained by the fact that educated people leave farming (in the village) in search of employment or other businesses in urban areas. This is unlike cases where fish farming isorganized in unions and have well established markets. The results also show that age of the respondent reduces the probability of adopting by 0.2 percent points. The older the person, the less likelihood of adopting fish farming. This is probably due to the fact that pond construction and maintenance are energy, money, and time demanding.
The limited availability of external market information reduced the probability of adoption by 14%. This makes both theoretical and practical sense. The accessibility to external markets or external market information would be an incentive for adopting the use of O. shiranus (Hebebrand and Wedding, 2010) . The ability to increase the number of ponds increased the probability of adopting fish farming technologies by 6%. This is significant at 10% level. On the other hand, only three variables were significant under factors that influenced requirement of more ponds over time, using linear probability model (LPM). These variables are age at which one adopts; farm size; and number of years in farming fish. The more a farmer adopts new technologies, the more he/she requires more ponds because of the speculation to attain higher margins. When a farmer attains more years in fish farming, he/she is likely to attain more ponds as the need for additional capital costs decline through the use of already acquired equipment and knowledge.
Production and marketing constraints
Farmers in Chingale have shown in this study that they experienced a number of marketing problems that have been indicated in Figure 2 . It has been indicated that lack of good markets which would offer higher and competitive prices was a major problem as indicated by the 73% of the respondents. Transport was another problem that was raised by 40% of the respondents. It was expensive to access outside markets in Chingale mainly because of poor road infrastructure that made transport costs high. Lack of market information (26%) was also identified as a major problem as farmers did not have information on what was required at the urban markets in terms of prices offered, fish species and sizes required. A noticeable production constraint that is cited in literature is the lack of credit (DOF, 2005) . Findings in Chingale showed that Fishermen, traders and intermediaries did not have easy access to bank and microfinance operators due to too much official paperwork and collateral arrangements. Apart from production constraints, farmers faced problems in disposing their output at a higher margin. Some of these limitations were related to how urban markets were structured. A marketing study of the urban markets showed a long chain of middlemen that affected buying price. The markets were heavily controlled by unscrupulous middlemen that limited entry by producers or any new middlemen. It was also observed that urban lucrative markets especially in Zomba and Blantyre had size preference for fish. Premium prices were offered to sizes ranging from 150 to 250 g. On the contrary, the farmers' production sizes were between 40 and 75 g. The main fish marketing by the farmers in Chingale was where adverts were made before harvesting to employees from organizations in the Zomba urban. This marketing arrangement is termed "institutional arranged markets". This market had a wide range of size preferences. It also had the highest preference for pond fish as compared to fish from natural water.
CONCLUSION AND RECOMMENDATIONS
Although, Chingale is a success story for small-scale fish farming in Malawi, its success is not built on market forces hence the low productivity. The adoption of fish farming in Chingale is supported and subsidized by NGOs and projects. This poses a serious sustainability issues once life-spans of NGO projects end. Fish production from Chingale is currently very low for urban or peri-urban markets. In the current situation where farmers do not have much to offer, marketing and production linkages need to be promoted if farmers are to be motivated by higher fish prices in urban markets. Better technologies that ensure high production and better fish sizes preferred in lucrative markets should therefore be given priority. Work on the dissemination of new O. shiranus strain is therefore a right step towards lucrative market breakthroughs. Similarly, the current marketing system through arranged institutional market is just ideal for the farmers. There are clubs and an association, the Chingale Integrated AquacultureAgriculture Farmers' Association (CIAAFA) which can be organized to act as marketing organizations in the form of a cooperative. The CIAAFA will need to strengthen linkages between improved production practices and other institutional arrangements that link farmers and markets in appropriate market chains.
As much as the study indicates that most farmers sold/harvested once a year, it would be recommended that farmers produce at least twice a year to take advantage of the availability of peri-urban market. Furthermore, individual marketing of fish should be discouraged for group marketing in order to enjoy economies of scale especially on transport (Salau et al, 2014) . In this case, farmers ought to work in groups where fish stocking and harvesting are done at the same time within a group. The group stocking and harvesting should then be spread across the year to ensure uniform supply. Different groups would stock at different times to avoid flooding the fish market which result in low prices when the demand is low. However, poor land transport links and means of transportation between Chingale and urban markets as a result of poor road infrastructure is currently the major impediment to aquaculture growth in Chingale. It is therefore recommended that government and non-governmental organizations should play an active role in the improvement of both the vertical and horizontal dimensions of the fish marketing chain in Chingale for profitable fish farming. Perceived problems also indebted to Late Dr Emma Kambewa who reviewed and critiqued the initial work and writing. The authors are also indebted to Tananga Nyirenda for the contributions and supervising the data collection exercise. Lastly, they value the contribution of fish farmers in Chingale and all enumerators for their openness and willingness to provide data that has enabled the development of this article.
